Subjects and methods Subjects were recruited at birth in the Leicester General and Royal Infirmary maternity hospitals. The purpose of the study was explained to parents and permission sought to make continuous night time recordings of temperature at two to four week intervals over the next six months. If parents agreed basic perinatal data were collected from hospital notes, and in most cases a recording of the baby's body temperature (see below) was made before leaving the hospital.
By 4 months of age babies exhibit a characteristic pattern of change of deep body temperature at night. It falls from above 37°C at bedtime to around 36-4°C during the first two hours, remains low for a few hours, and then rises gradually again before waking.' The rapid fall in temperature is associated with sleep so its precise timing is related to bedtime, but the extent of fall is greater during sleeps at night than during the day, even when they are of similar duration.2 This suggests that a circadian rhythm has begun to develop, though its expression is still affected by individual sleeping patterns, which may vary considerably from one infant to another at this age.
The rate and extent of fall of temperature is unaffected by ambient temperature and thermal insulating of clothing and wrapping within the range normally chosen by parents3; this indicates that the pattern is endogenous and maintained by active thermoregulation if necessary. This pattern of temperature change does not occur in the newborn, so it must develop during the first few weeks of life. There are some reports that suggest a rhythm appearing around 1-2 months of age,4 but there are no reports of continuous recordings on reasonable numbers of babies. In this study, therefore, we have used continuous recording techniques in a combined longitudinal and cross sectional design to observe the development of temperature rhythms in a good sample of babies and have related the temperature patterns to sleep and thermal environment.
Subjects and methods Subjects were recruited at birth in the Leicester General and Royal Infirmary maternity hospitals. The purpose of the study was explained to parents and permission sought to make continuous night time recordings of temperature at two to four week intervals over the next six months. If parents agreed basic perinatal data were collected from hospital notes, and in most cases a recording of the baby's body temperature (see below) was made before leaving the hospital.
The subsequent inter-recording intervals for each baby were adjusted so as to try and record from roughly equal numbers of babies in each two week age band from 0 to 24 weeks. Inevitably, some babies were lost to the study. They were replaced with others on which recording started at a later age.
On each recording night the baby was visited at home in the early evening, weighed naked, and temperature probes attached. One soft probe, inserted 5 cm from the anal margin, measured rectal temperature, and other probes recorded skin temperature on the head and either the abdomen or shin. Only rectal temperature data will be discussed in this paper There were noticeable individual differences in the age at which rectal temperature fell below 36-5°C at some time during the night. Some babies achieved this at 6-8 weeks, others not until 14-16 weeks.
TEMPERATURE PATTERNS AND SLEEP
As we have presented the temperature data relative to the time of placing in a cot, the first hours always corresponded to a period of sleep. In the case of young babies, who slept as much during the day as the night, we recorded night time sleeps only, though we would perhaps expect similar results during the day. At older ages, the first part of the recording usually corresponded to the longest sleep period. We recorded the time between the baby being placed in his or her cot and the first time that the parents were disturbed. Figure 2 shows the mean duration of this sleep for babies of diff-°1 (p<O-01)
Time from bedtime to first disturbing parents (hours) Figure 3 Association between time spent in the cot without disturbingparents and minimum rectal temperature at night for individual babies aged 6-14 weeks. There do, however, appear to be substantial individual differences in the timing of the rhythm development, though the infrequency of our recording does not allow us to pinpoint them with confidence. We are now examining the age range 6-14 weeks in much more detail.
Many other circadian rhythms are developing at this time,4 and in particular sleep patterns. There is an association, both on a population and individual basis, between increasing sleep duration and falling minimum rectal temperature. This is not caused by increasing time for cooling as the minimum rectal temperature is attained about the same time in sleeps of widely varying duration, also the temperature pattern is clearly regulated and is unaffected by environmental conditions. We cannot, of course, say whether lower rectal temperature predisposes infants to sleep longer, or rectal temperature falls lower, because the sleep pattern changes. It may just be that independent rhythms of temperature and sleep happen to mature at the same time. It is of interest, however, that the slow wave rapid eye movement sleep pattern changes at about the age that temperature rhythms stabilise.
It would be of considerable interest to correlate the development of temperature rhythm in individual babies with other circadian rhythms in heart rate and hormone secretion. Maybe in some infants there is a critical period around 3 months of age where some rhythms have developed and others have not so that physiological systems become less stable.
